Calibration of the 3D magnetic force
The magnetic field gradient ∇ ⃗ ⃗ , generated by the probe tip once it has reached magnetic saturation, was calibrated by tracking the velocity of magnetic beads dispersed in a solution containing 99% glycerol. The magnetic force was counterbalanced by the viscous force given by the Stokes law: ∇ ⃗ ⃗ = 3
, where μ = 6.5 x 10 -14 A.m 2 is the magnetic moment of an individual magnetic bead, η = 0.6389 Pa.s is the viscosity of the 99% glycerol solution, d = 1.1 μm is the mean bead diameter, and is the bead velocity.
The trajectories of ~50 magnetic beads were recorded in the symmetry plane of the probe tip (blue plane in Fig. 1a ) and analyzed with the particle-tracking algorithm developed by the MOSAIC Group. The experimental 2D field gradient in the symmetry plane of the probe tip was fitted by the field gradient for an array of magnetic dipoles (SI.1a). An array of four dipoles aligned in the direction of their magnetic moments was sufficient to model the experimental field in the region of interest (in the proximity of the tip). The size distribution of the magnetic beads caused a 30% uncertainty in the value of the force.
The force in the full 3D space around the probe was deduced by assuming cylindrical symmetry. 
Magnetization measurement
The hysteresis curve of the beads was measured at room temperature (25˚C) with a 
Determination of the phase of the bundle
The bundle position ( ) was recorded as a function of time. In order to evaluate the phase of the bundle ( ) we constructed the corresponding analytic signal ( ), a complex function of time defined as:
The function ̃( ) is the Hilbert transform of ( )
where P.V. means that the integral is taken in the sense of the Cauchy principal value.
The instantaneous amplitude ( ) and the instantaneous phase ( ) are uniquely defined.
Distribution of the cyclic phase difference ψn,m
Examples of hair bundle motility under stimulation at frequencies that were lower, comparable, or higher than the characteristic frequency 0 of the bundle are shown in Fig simulations.
